Background/objective-Children of Mexican descent frequently experience household food insecurity both in the United States (US) and Mexico, however, little is known about the associations of food insecurity with dietary intake. This study aimed to understand the level of perceived food insecurity and its association with dietary intake among children of Mexican descent residing in the US and Mexico.
Introduction
Household food insecurity, defined as, "limited or uncertain availability of nutritionally adequate and safe foods or limited or uncertain ability to acquire foods in a socially acceptable way (1) ," is more likely to affect low-income, minority groups in the United States (US) (2) (3) (4) (5) (6) (7) (8) . According to the 2007 Current Population Survey of US Households, 11.1% of all households in the US were classified as food insecure whereas 20.1% of Hispanics reported food insecurity (9) . Studies of Mexican immigrants and Hispanic farmworkers living in the US have observed even higher prevalences of food insecurity ranging from 30% to 80% (2, 3, (5) (6) (7) (8) . In addition, evidence suggests that Mexicans in the US emigrate from areas of high food insecurity (10, 11) . A study of Mexico City school children found that 41% experienced food insecurity (10) while a study of mothers of preschool-age children from rural Jalisco found that almost all (97%) experienced food insecurity (11) .
Despite the high prevalence of food insecurity in Mexican households on both sides of the border, few studies have examined whether food insecurity is associated with dietary intake among children of Mexican descent on either side of the border. Two studies of Hispanic children in the US, ranging in age from four to 16 years, reported no association of food insecurity and total energy or macronutrient intake, percentage of energy intake from fat and other macronutrients, or intake of most food groups (12, 13) , though one reported lower meat consumption among food-insecure youth (12) . The only study to focus exclusively on younger Mexican-American children (three to six years) found that, after controlling for acculturation, children in severely food insecure households were less likely to meet the US Food Guide Pyramid recommended servings of grains, vegetables, fruit, milk and meat than other children (14) . In Mexico, a study of nine-and ten-year-old children in Mexico City (n=769) found that food insecurity was associated with higher intake of sweets and fried snacks (10) . In contrast, a study of mothers with preschool children in rural areas of the state of Jalisco, Mexico found that food insecurity was associated with lower household inventories of all food groups examined (11) .
Although families are likely to experience food insecurity on both sides of the border, the foods they choose to eat given limited resources are likely to be different as a result of the diverse food environments in each country. Drawing upon data from a binational study of young children of Mexican descent living in migrant communities in California and Mexico, this study tested the hypothesis that food insecurity would affect dietary intake differently in the US and Mexico. Specifically, that food insecurity would be associated with increased dietary intake, particularly in the form of food of minimal nutritional value in the US, and overall decreased macronutrient and micronutrient intake in Mexico. Nutrition programs and policies in the US and Mexico can benefit from understanding similarities and differences in the level of perceived food insecurity and its association with dietary intake on both sides of the border due to continuous US-Mexico migration and the binational nature of the Mexican migrant population.
Methods

Study Design and Participants
This binational study was comprised of two cross-sectional samples of five-year-old children and their mothers. The California (CA) sample included Mexican-born mothers and their children from the Center for the Health Assessment of Mothers and Children of Salinas (CHAMACOS) longitudinal birth cohort study. Data from the five-year follow-up visit was used for the present analysis. The CHAMACOS study has been described elsewhere (15, 16) . Briefly, a convenience sample of pregnant women was recruited between 1999 and 2000 in Salinas, CA from prenatal clinics that served a predominantly low-income, Spanishspeaking population. Women were eligible for the study if they were: less than 20 weeks gestation, 18 years or older, Medi-Cal eligible, fluent in English or Spanish, and planning to deliver in the local hospital. Approximately 53% of eligible women screened agreed to take part in this multi-year study. Of the 601 women initially enrolled in CHAMACOS, 458 Mexican-born mothers were followed through delivery of a live birth that survived the neonatal period. Three hundred and five follow-up interviews were completed when the children were five years old. Four mother-child pairs were excluded due to implausible energy intakes (< 80% of each child's Basal Metabolic Rate (17)) for a final CA sample size of 301.
In Mexico, a convenience sample of women and children was recruited through local government community health clinics from families that received a federal conditional cash transfer program (Oportunidades). All Oportunidades beneficiaries receive cash transfers, health care services and heath and nutrition education as well as nutrition supplementation during critical periods (pregnancy, lactation and early childhood). Because Mexican-born women in the CA sample were most commonly from the states of Michoacán (24%), Guanajuato (20%), and Jalisco (12%) recruitment for the MX sample was from highmigration communities in these three states. Municipalities were considered high-migration if, as of the most recent Mexican census in 2005, 10% or more of the male population in the majority of towns and districts in the municipality were residing in the US (18) . Recruitment was done in this way to capture a sample of women and their children living in Mexico that closely resembled the CA sample and had similar access to health care and education.
Women and their five-year-old children were eligible to participate if: the child was approximately five years old (59 months to 66 months); the mother was 23 years or older (at least 18 when child was born); the mother and child were currently receiving the Oportunidades benefits; the mother and child lived exclusively in Mexico and had never migrated to the US for longer than one month (other family members could have migrated); and the mother spoke fluent Spanish. Over 95% of the eligible mothers agreed to participate (n=317). Sixteen mother-child pairs with implausible energy intakes (< 80% of each child's Basal Metabolic Rate (17)) were excluded for a final MX sample size of 301.
The sample size for the CHAMCOS cohort was originally determined to examine pesticide exposure and neurodevelopmental outcomes. A similar number of women were recruited in Mexico and the sample size was deemed large enough for this analysis to detect differences between groups in kilocalories and macronutrients. The Institutional Review Boards at UC Berkeley and the Mexican National Institute of Health approved the study.
Measures
Interviewers for the CHAMACOS and Proyecto Mariposa studies were trained in the same study protocols, including interview administration, anthropometry and food frequency questionnaires. Interviewers conducted repeated administrations of the study protocol until results were reliable. They conducted face-to-face interviews and anthropometric measurements from 2005 to 2006. Written informed consent was obtained from all participants.
Dietary intake-Two different food frequency questionnaires (FFQ) were used to determine children's energy, nutrient and food group intakes to allow for the differences in customs and availability of foods in the US and Mexico. In CA, the Harvard Service Food Frequency Questionnaire for Hispanic children was used (19) . In MX, a FFQ developed by the Division of Nutritional Epidemiology at the Mexican National Institute of Public Health was used (20) . Overall, these two instruments were very similar with slight variations to account for the differing food environments. Both instruments had identical structures whereby interviewers asked mothers how many times the child ate a certain item in the last month, and women could respond in times per day, times per week or times per month and serving size was not specified. Overall the CA instrument had 96 total items and the MX instrument had 93 total items. The two instruments covered the same food groups in the same order and included the same number of foods within each food group. The two instruments were different in some of the specific food items that were included within each food group. In total, 16 food items on the CA FFQ were not included on the MX FFQ. Interviewers in CA and MX, who received identical training, administered the FFQ's to mothers.
Total energy, macronutrients, micronutrients and the following ten foods and food categories: vegetables; fruit; bread, cereals and grains (including tortillas); tortillas (alone); beans; dairy; meat; sweetened beverages; fast food; and sweets and fried snacks were examined. These categories were chosen because they were similar to food groups in the US Department of Agriculture (USDA) Food Guide Pyramid (21) and the Mexican nutrition guide known as the "Plate of Good Eating" (22) . Additionally, sweetened beverages, fast food, sweets and fried snacks were included due to their possible connection with childhood overweight and tortillas and beans because of their importance for the Mexican diet.
Energy and nutrient intake from the two different FFQs were estimated using a specifically designed program for each country. Both programs were based on the USDA Nutrient database with additional information from local databases. The database used for the CA sample was a specifically designed program (harvardsffq.041206, April 12, 2006 , Harvard University, Boston, MA), which uses the USDA Nutrient Database for Standard Reference and supplemented with additional food composition references, journals and manufacturers (23) (24) (25) . In MX, a program designed by the Nutritional Epidemiology Department at the Mexican National Institute of Public Health, which is based on the USDA Nutrient Database for Standard Reference and supplemented with information form the Food Composition Tables from the Mexican National Institute of Nutrition, as well as others was used (26-28). In both cases, the nutrient calculations were based on the frequency chosen on the questionnaire multiplied by the portion size of the food. Missing values were imputed from similar foods when appropriate. All foods are summed to get the nutrient totals. Portion sizes for each country were based on national data (29, 30) .
Household food insecurity-Household food insecurity was measured using the USDA Household Food Security Scale (FSS), Spanish Version (6-item Short Form) in both locations (31, 32) . The FSS assesses three components of food insecurity during the last 12 months: 1) perception that quantity and quality of food are insufficient; 2) coping mechanisms such as reducing food intake or skipping meals; and 3) experiencing hunger due to lack of resources. Households were classified as experiencing food security, low food security or very low food security according to USDA guidelines (31) . This instrument has been used with several Mexican immigrant populations in the US (2, 3, 5, 7, 8) and it has been shown to be a useful tool for assessing food insecurity in Mexico as well (11) .
Covariates-Covariates were selected a priori because of their importance in describing the socio-demographic characteristics of the sample or because of their possible association with household food insecurity (3, 33) and included mother's marital status, mother's education level, mother's current work status, father's education level, father's current work status, household size and household socioeconomic status (SES). In addition, whether the parents were farmworkers, if the family received food assistance and mother's time spent in the US were examined in the CA sample and family migration experience was examined in the MX sample. A different SES measure, relative to each sample, was used in CA and MX.
In CA, SES was measured using a continuous measure of per capita household income divided into tertiles. In MX, a developing country setting where self-reported household income may not accurately capture household socioeconomic status (34), a principal component analysis was used to summarize housing characteristics, such as type of floor, level of sanitation and household assets, such as appliances and cars as proxy measures for SES. The first principal component was retained (35) and divided into tertiles.
Mother's length of residence in the US was used as a proxy for acculturation in the CA sample given that all women were foreign-born and the majority were monolingual Spanishspeaking (36) . In CA, women receiving Supplemental Nutrition Program for Women, Infant and Children coupons or food stamps were classified as receiving food assistance. In the MX sample, it was not necessary to include a variable for food assistance because all families were receiving cash transfers, which are intended to improve resources for food as part of the Oportunidades program. To determine the extent to which the mother and child may have been affected by migration to the US in the MX study, women were asked if the child's father or the current head of household or any other close family member, including her grandparents, parents, siblings or other children had migrated to the US for work and if any of them were currently residing in the US.
Statistical Analysis
Sociodemographic characteristics of households that reported food security, low food security and very low food security were compared using Pearson's Chi-square tests and Fisher's exact tests in the case of small cell sizes separately for the CA and MX samples. To describe children's diet, children's median, 25 th and 75 th percentiles (interquartile range) of energy and nutrient intakes well as their consumption of the food groups were calculated. Medians were calculated instead of means due to the skewed distributions of the majority of the dietary outcomes.
Analysis of Variance (ANOVA) and Tukey's HSD post hoc test for pairwise comparisons, which takes into account multiple comparisons, were used to examine unadjusted differences in total energy, nutrient intake, and consumption of food groups by household food security status. To satisfy the ANOVA assumption of normally distributed dependent variables, diet variables were transformed to approximate the normal distribution using the Box-Cox power transformation method (37) . Because the interaction term for household food security and sample (CA vs. MX) was significant in models for each dietary outcome (p<0.05), except for the model for vegetables (p=0.29), the results are presented stratified by sample.
To examine whether food security status was associated with dietary intake independent of potential confounders, each ANOVA model was repeated including variables for SES and maternal education level. In addition, for the CA sample, a variable to indicate if the mother was currently working in farmwork and if the family was receiving food assistance was included. These covariates were either associated with food security status in this study or have been shown to be associated in the literature (3, 33) . Mother's length of residence in the US was not included as a covariate because it was not significantly associated with food security status or dietary intake in the CA sample. Statistical analyses were conducted using STATA (version 10.0 for Windows, 2006, StataCorp, College Station, TX). A p-value of ≤ 0.05 was considered statistically significant for all analyses.
Results
As seen in Figure 1 , approximately 39% of the CA mothers and 75% of the MX mothers reported that their households had experienced low or very low food security in the last 12 months (p<0.01). One tenth of the CA mothers and almost a third of MX mothers reported very low food security (p<0.01). As expected, households classified in the low and very low food security groups were more likely to be in the lowest SES tertile in both samples (p≥ 0.01) ( Table 1 ). No differences in household food security according other demographic characteristics were observed.
Macronutrient and Micronutrient Intake
CA children from households in the low and very low food security groups were found to have higher energy (p=0.03) and fat intakes (p=0.02) compared to children from food secure households (Table 2) in the unadjusted analysis. After controlling for SES, maternal education, mother's farmworker status, and food assistance, the association of household food insecurity and total energy intake was reduced to non-significant (p=0.07), while the associations with fat and saturated fat remained significant (p<0.05). No differences in intake of other vitamins and minerals according to food security status were found (p>0.05).
In contrast to the CA sample, MX children from households with very low food security consumed fewer calories (median 1357 kcals vs. 1631 kcals p=0.03) and carbohydrates (median 220 g vs. 249 g p=0.02) than children from food secure households (Table 3) . After controlling for SES and maternal education, the association with energy intake was reduced to non-significant (p=0.09) and the association with carbohydrate intake persisted (p=0.05). Additionally, intake of vitamin B6 was lower among children from food insecure households (adjusted ANOVA p=0.05).
Food Groups
CA children had similar intakes of vegetables, fruits, grains, tortillas, beans, dairy, sweetened beverages, and fast food across all levels of household food insecurity (Table 4) . However, food insecurity was associated with more frequent consumption of sweets and fried snacks, with mothers in the low and very low food security groups reporting intakes of 2.5 and 2.3 times per day, respectively, compared to 1.9 times per day for the food secure group (p<0.01). This association remained significant after controlling for SES, maternal education, mother's farmworker status, and food assistance (p<0.01). The low food security group reported the highest (adjusted ANOVA p=0.04) consumption of meat (0.9 times/day) compared to those in the very low food security (0.6 times/day) and food secure groups (0.7 times/day).
Unadjusted ANOVA tests indicated that children from food secure households in MX had higher intakes of fruits (1.7 times/day vs. 1.2 times/day p=0.05), meat (1.0 times/day vs. 0.7 times/day p=0.04) and dairy (2.1 times/day vs. 1.1 times/day p=0.01) than children in the low and very low food security groups (Table 4) . Additionally, children in the very low food security groups consumed more beans than children in the low food security group (6 times/day vs. 4 times/day p<0.01). After controlling for covariates, the associations between food security status and fruit and meat were reduced to non-significant (p≤ 0.10) but the associations with dairy (p=0.05) and beans (p=0.01) persisted.
Discussion
In this binational study of children of Mexican descent residing in migrant communities in Mexico and California, the prevalence of food insecurity was much higher in households in Mexico compared to California (75% vs. 39%) using the 6-item FSS. The prevalence of food insecurity in the California sample was higher than the US national estimate of 19.5 % for Hispanics (4), likely because the sample was comprised primarily of low-income farmworker families. However, the estimate was lower than other studies of migrant farmworkers and other Hispanic immigrants that also used the FSS (2, 3, 5, 7, 8) . For example, a survey of primarily Mexican farmworkers in North Carolina (n=102) found that 47% of households were classified as food insecure using the 18-item FSS (3) and the California Women's Health Survey found that 62% of Mexico-born women reported food insecurity in the last 12 months using the 6-item FSS (5). Additionally, although an association of food security and acculturation has been shown in other studies of MexicanAmericans (8, 14) , food insecurity was not associated with maternal years of residence in the US in the California sample. This is likely due to homogeneity of this Mexican-born, Spanish-speaking sample of mothers.
Compared to studies in Mexico, the estimate of food insecurity prevalence for the Mexico sample (75%) was higher than the estimate from a study of school-age children in Mexico City (41%) of low and middle socioeconomic level (10) and lower than a study of mothers of preschool-age children from small rural communities in Jalisco (97%) (11).
According to this study, children in California experiencing food insecurity consumed more fat and saturated fat than children not experiencing food insecurity and these higher intakes persisted after controlling for covariates. Total energy was also higher in children experiencing low or very low food security in the unadjusted analysis. Other studies examining energy intake have either found that food insecurity or food insufficiency is associated with lower energy intakes (13, 38) or no difference in energy intake (12, 39, 40) . It is possible that higher energy and fat intakes in this study were due to consumption of low-cost, energy-dense foods as food insecurity was associated with increased consumption of sweets and fried snacks. It could also be partially due to higher meat consumption, at least among the low food security group. Further analysis of the meat consumption patterns revealed that the higher meat consumption in the low food security group was due primarily to a higher consumption of fried chicken. Research has shown that sweet and high-fat foods are more affordable than foods consistent with a "healthy diet" such as fruits, vegetables, lean meat and whole grains (41) . Consumption of sweet and high-fat foods may put children at increased risk for childhood overweight. Previous research with adult women and some studies of children have found that household food insecurity is associated with increased weight (33, (42) (43) (44) . Researchers have hypothesized that reliance on low-cost, energy dense foods may be one possible mechanism for this association (33, 39, 43, 44) .
In contrast to the findings for the California sample, in Mexico food insecurity was associated with lower intake of total carbohydrates, dairy and vitamin B6, after adjusting for covariates. Total energy, fruit and meat intake were also lower in children from low food secure households in the unadjusted analysis, however, it appeared that controlling for markers of socioeconomic status attenuated these associations. These finding were consistent with the study hypothesis. However, contrary to the study hypothesis, food insecurity was not associated with decreased intake of the majority of micronutrients. All children included in the Mexico sample were in the lowest 20 th percentile of income in Mexico and it is possible that at this low end of the SES spectrum, food insecurity is not an important determinant of micronutrient intake. Beans were the only food consumed more frequently in the very low food secure group compared to the other groups, likely due to their low cost.
Only two other studies have assessed household food insecurity and diet in Mexico and the results have been inconsistent. The previously mentioned study of mothers in rural areas of Jalisco did not examine dietary intake but found that household food insecurity was significantly associated with lower household inventories of foods of animal origin, dairy, processed foods, foods high in added sugar, fruits and vegetables (11) . While, OrtizHernandez et al (2007) reported that severe food insecurity in Mexico City children was associated with higher intakes of sweet bread, snacks, fried pork skin, ice cream, peanuts, candy and sodas (10) . These disparate findings may be related to differences in food availability in Mexico City compared to smaller cities as well as the purchasing power and food choices of the poor.
The association of food insecurity and lower nutrient and food group intake in Mexico may help to understand the findings of higher sweet and fried snack intake among Mexican immigrants in California. Prior to immigrating to California, Mexican immigrant parents may have experienced similar levels and effects of food insecurity as was observed in the Mexican sample of the present study. It is possible that Mexican immigrant parents in the US overcompensate for previous experiences of food insecurity in Mexico by providing their children with packaged foods that are commonly high in fat, readily available and inexpensive in the US (41) but which they did not have in Mexico (45) . This could have important implications for health education and nutritional counseling among food insecure Mexican immigrant households in the US. Future research should examine how past experiences of food insecurity among parents affects children's dietary intake and child feeding strategies, especially in the context of migration.
This study had several limitations. Diet was assessed using Food Frequency Questionnaires (FFQ), which attempt to gather usual dietary intake over a specific period of time by asking about a list of core foods. Critics have pointed out that FFQ's are difficult for participants to answer, limited in detail about portion size and food preparation, and ineffective in gathering information about mixed dishes such as stews or casseroles (46, 47) . However, FFQs are still the instrument of choice for epidemiologic studies because of their ability to capture long-term diet as opposed to intake on a few specific dates and their usefulness for ranking participants (48) . Secondly, slightly different FFQs in California and Mexico were used, making it difficult to directly compare energy and nutrient intakes between the two samples.
At the same time, using FFQs and nutrient databases specific to each country allowed us to address dietary differences according to food security status within each sample with greater accuracy. Finally, the generalizability of this study is limited because the samples were drawn from one low-income farmworker community in California and low-income Oportunidades recipients in Mexico.
Conclusions
These findings have important implications for nutrition programs and policy addressing food insecurity in both countries. Among children of Mexican immigrants in California, food insecurity was associated with a dietary intake that may encourage childhood overweight. Consequently, programs such as the Supplemental Nutrition Program for Women, Infant and Children and the Food Stamp program may need to take steps to improve the quality, quantity and accessibility of healthy foods for children experiencing food insecurity. These programs could include parent education, outreach with local businesses to improve accessibility of healthy foods in areas where food insecure children live as well as policies and programs aimed at decreasing intake of sweets and fried snacks among food insecure children. In Mexico, programs to address food insecurity, such as the national social welfare program, Oportunidades, should take into consideration that food insecurity could lead to increases in energy, fat, sweets and fried snacks among Mexicans as we have shown among Mexican immigrant children in California. This is especially important given Mexico's transitioning epidemiologic and nutritional profile to one more similar to the US, including increasing trends in childhood overweight. Future research in Mexico should follow the impacts of food insecurity on dietary intake among children given the current nutritional transition. Table 1 Selected socio-demographic characteristics of participants by food security status, CHAMACOS (Salinas, CA) and Proyecto Mariposa (Guanajuato, Jalisco, and Michoacán, Mexico) 2006. (1.1, 3.5) 
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